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(54) NITRIDE-FAMILY SEMICONDUCTOR DEVICE AND ITS MANUFACTURING 
METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
semiconductor device that has a number of element 
characteristics by reducing lattice defects, and at the 
same time can be manufactured at low costs, and its 
manufacturing method. 

SOLUTION: When a semiconductor laser element 500 
is to be manufactured on a sapphire substrate 1, a 
buffer layer 2, a first undoped GaN layer 3, a first 
superlattice defect reduction layer 30, a second 
undoped GaN layer 4, a second superlattice defect 
reduction layer 40, a third undoped GaN layer 5, a third 
superlattice defect reduction layer 50, and a fourth 
undoped GaN layer 6, are successively grown, and 
element structure 100 is manufactured on the layers, 
[n the first to third superlattice defect reduction layers 30, 40, and 50, five pairs 
where an InGaN film and an AIGaN film are formed in a pair in this order are 
laminated. 
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**I n 0 .o5Ga 0 .95N*»A><i:>3, I nGaN§|30atf) 

InfiS^5%t*4. £Jt. A 1 GaNJK30b(iA 

lo. 25Ga 0 .75N3&^^:0. A 1 GaNJ&3 O bCOA 1 
2 5 U^T, 06^-TJ;?{;. 

I nGaNl30 aij i^A 1 G a N$?3 0 bCO¥«pfS 
^JSR** G a N cotfr? Jgffc 1 gc LX V *4 . 

[00 57] >TcOJ:o^. SI CO I n G a N/A 1 G a 

Ktm^xmmm 3 0 ww^pjaft* g a ncois^ 

&kb-&ZitbZ t te J: 9 . f^coMffl®S6^*U 0 

[0058] ±l£cOS 1 CO I n G a N/A 1 G a Nj@fg 
^PfHSMB 3 o Kfewcw:, mTi&OJ: oCIn Ncote 

?jm#G aN<7)m?%mizit^x±*^z tfrt>. m 

1<?>T>Y— 7GaNI3±co# I nGaNffi|3 0a(C 
*5VvCffi8§M#£t&<. — 2u M^cOi^tCA 1 NcofS 
?3mtfGaNcr>1&?-imiZ}t'<.X>hZ^Ztfrt>. m 
lcOT>-K-7°GaNil3±<^#A 1 GaNH3 0MC 

[0 0 5 9] Zcr>£ot£&m*3i-th I n G a NB83 
Oat?l5SOM5:*-rSA 1 GaNIK3 0bt^3£5:^ 
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W.§mm$tlX%2>mi(r>I nGaN/A 1 GaN@f§ 
?Xf&mm3 0l,Z}5^TlZ. m 1 cor V H-7G a N 

icoid^Sf^SfcirK nGaN/A 1 

G a N$m?XV&1BMm3 0 fcfcWCtt. Jd£KOffi 

[0060] ZZX\ Sgl<50 I nGaN/A IGaNI 

NJi3±tCt-r^lwS«SJS8 0 0°C-C*I nGaNl 
3 0a3rJ&R£-£, &^X&ffi§J&80 O'CTA 1 Ga 
N^3 0bS:^$-a:r^^. dC0i§-£. MSuasso 
0°CT'J&ll$-£7t I n G aNlil«lgg8 0 0°CT'^ 
£-ti:*;A 1 GaLNtZ&*xmJMa&8MTt>iZkiP 
t>, SSlcO I nGaN/A 1 G a N@fg^:XPfiffij£JI 3 
OiZ&^XtohlZ&lSLZtlfi:! nGaN!3 0ali, A 

iGaNi30b izit^x &«*mjm sr^r-f h . 
[00613 a3 tzm- i 3 tn^mmmk^h% 1 

<50I nGaN/A 1 G a NSfS^XPfiffi^JB 3 OCtSV* 

OSJff* I n G a NJK3 0 a Sr^*$-i±T^r^^ 1 CO I 
n G a N/A 1 G a Nj&f&^ffiffiM^ 3 0 lZ}5^X 
(i. d<^)IK3 0ac7)±{C^(fC^$^A IGaNi 
3 0bi>itf I nGaN^3 0aCOMS1§*^±-fl.. 
-eiXtCj:^, mi CO I nGaN/A 1 G a NjSf&T^Pfi 

[0 0 6 2] ttz. XmSmtZ&^Xa. miCOI nG 
a N/A 1 G a N@f&^KfiB<£«B 3 0 5r«^-t§ A 1 
GaNJBS3 0b#*5JlT-$>.g>„ .1<0*:*X ffi 1 <0 I nG 
a N/A 1 GaNJ8*S¥*IB<SiiW3 OfctJV^Tti, A 

i GaiNj^mi%nmtfMmb*^xmi-f&m£k& 

[0 06 3] J^LhcOiat, mi CO I nGaN/A 1G 
a Njgfg^fi&ffij^ 3 0 fcfcV vCa#*tfSfltt*a»B 
£ix.2>*:a6. mi CO I nGaN/A 1 GaNgUfXPfi 
ffittH 3 0 JiiCjSii $ -ii-^m 2 COT > Y -TG a N M 4 

izts^x, ^xm2o<nmki)Wt>ixh. cco^, 

m2cOTyh'-rGaNJi4cOXPfi^S{i5. 0X10 

[0064] m^X. 14 (c) iZ^-TXoiZ, m2co 
T>h'-7°GaNfl4±^m2cOI nGaN/A 1 Ga 

ftmFFxmmm 4 0 ZB& u . $ h K*«>±fcss 3 

COT V K-TG aN15 . 
[0065] «rom2cOI nGaN/A 1 GaNJilW 
X?mmm40lt. H3(C^-rmicOI nGaN/A 1 

g a N&fe?xNHE&ttji 3 o t mmcommtt-r h . -r 

m2<7>I nGaN/A 1 G a N jgt&i^gffiM 
14 0li. I nGaNBg£J:l/A 1 G a NJK* { JlIt-»« 



$ fit ** tefc o t C0*^tf 5 M«S 3 *iT 6 . 

[0 066] SI2C0I nGaN/A 1 GaNlBtSTOfc 
®«S4 0COI nGaNM(i)li?2 5AcOI n U5 Ga 
o.9BN3&»fe=fir*. A 1 GaNII±if2 5 AcOA 

1 o. zsGao^sN^^^-S. 

[0 06 7] ZcoXolZ^ W.2cr>l nGaN/A 1 Ga 

Nmf?xwsm4o\izt5\,*x\±. inG^nmza 

lf& I nmf&tf5%X'h t ). *'OA 1 GaNflRfciStt* 
A 1 2 5 %T$> h . Ltzifi-yX. H6 fc^-f X 0 

tZ. m2c0I nGaN/A 1 Ga Njgf&?XPfi{£««4 
OCfcWCii. I nGaNItJillA 1 GaNJlcO^ 
t&^ggC^G a N<Vp %tt? J£* t im~®. LX^Z. 
Z<7)£o%m2cr>l nGaN/A 1 G a Njgf&^PfS® 
jjW4 0te*5ivctt. ^<o*MSMfe&* J: 

[0 0 68] m2C0I nGaN/A 1 G a Njgf&^PlS 
i8M®4 Ofcrfc^Tli. mi CO I nGaN/A 1 GaN 

GaNJf4±cO£-I nG a.NmztS^XEMmtf*kt& 
tbUZ. #A 1 GaNKfcUSWCilKOMj&^fc*. 
[0069] 3 CO J: 3 tffi«l^5ri&-ri» I n G a Niti: 

gi»9«*ir*-4A i GaNmttfmmzmmztLX* 

h%2.<T> \ nGaN/A 1 G a Njgffrf-XPSffi^U^ 0 
tcfov^Tti, m2cor^H-rGaNS4*^gfllLn: 

nmxm^smmn x mm *) mzwt <o m Lstt s ^ 

fc«ffl«W±5v^tcffl«L* 3 . ico J; 3 SrSffi 
mS&HtCj; 0. m2cO I nGaN/A 1 GaNjgf&^rX 

HBfiWi4 0tc*Jv^tt, MjiXPfico<S«*<ll/i>ix^. 

[0 070] ilt, m2C0I nGaN/A 1 GaNjg 

t&FXfmmm4oi l zt5^xii.. m2cor>-K-7-Ga 

Nm4±lZ&i'W>l l zmffi§J8.8 0 0XIX' I nGaNl 
ilSVvtM5uSJg8 0 0-CT'A 1 G a NBg£ 
(RftS-^V^. CCO^. m2C0I nGaN/A 1 G 
a NfifS^^PgffiM/i 4 0 l'*3UT«J40C^^$n^ 
83. I n G a NgglCfc V>T . A 1 G a NBS«t ») 

[007 1 ] dCOj;3lC. m2cOI nGaN/A 1 Ga 

Nmt&irXfmmm4 oizts^xit. wbizmsAtmR 

Jf^rl nGaNJ8£j£ft$-li--g>*:aO. dcoi nGaNl 
iJCiBtTlfiS^lffcA 1 GaNggi3j:l^I nGaNl 
^ B B 8tt*^±-r-S.. Lfc^T. m2<?51 nGaN/ 
A 1 GaNStfr?^|g<£^i4 0lC*jV^T(i. ^SttcO 

[0072 3 *«tfflt:tJ^Tli. m2c0I nG 

a N/A 1 GaNj@<S^XPl5ffiMJi4 0 5:«tl»A 1 
G a NJgta* 5 J1T'£>!>. ZWtzih. m2cOI nGaN/ 
Al GaN^ilST^PiS<£^4 0(C*>V^T{S, A 1 G a 
NMOiif!|*««36»«Hi;«ro-C»*fe-r6*SiMt^fc 
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[0 073] tlk(0£ 3I2CDI nGaN/A 1 G 

352CDI nGaN/A 1 G a NjSfg^ £Pfi 
ffiMJi 4 0 ±fcjft£§ -t^ss 3 cdt y F -7*G a N S 5 
fcfcwt. f^XPfi2 0cDffi«*<lS£>;h..g>. -rcD*!^, 
m3iOT>-H-TGaN*5<?)Mig^S«3. Ox 10 

[0 0 74] Zt>lZ. 04 (d) IZTfrtXolZ. 3S3CD 
T>-K-7°GaNe5±{C^3fiOI nGaN/A 1 Ga 
NjHtt7*3fiffijM5 0£#«U 3 6fc*«0_LtcSI4 
CDT^ K-7°G a NJI 6 £jfcR$-£.g> . 

[0 07 5] .ICD3S3CDI nGaN/A 1 GaNjgffr? 
;KPi5ffiiMJf 5 0{±. 03^-f^lCOI nGaN/A 1 

g a Nmm L xmi&ww 3 0 1 mmcommzm-z . -r 

%hii. 3S3CDI nGaN/A 1 G a N ]Btt?£MHgtt 
S50ti, I nGaNJKfcitfA 1 GaNI»:Sl 

[0 0 76] 3I3CDI nGaN/A 1 GaNjBffrFKBB 
(K$J15 0CDI nGaNffi?t;iJKJ*2 5AcDI n 0 . 05 Ga 
c.9bNA»6«:4. A 1 GaNllil)|2 5 AcDA 

•o.jjGa,. 76 NK*4. ^CO.taH. 3S3CDI nG 
aN/A 1 GaNSfS^^PgffiJSJBSO^tJ^Tti. I 
nGaNl^tfett-i) I nfflj£# 5%T'$> W^A 1 Ga 
NKt*J»t4AlffljS**2 5«-C**. IWTC, II 
6(C^J:31C. 333CDI nGaN/A 1 GaN@fg^ 
^3SWSW15 0KJSV^tt» I nGaNiltSitfA 1 G 
a NR<VP*£lfrPS9toFG a N W%fS^^Sitt (5<f- 
gcLTV>-g>. Z<7)£o%m3c?>I nGaN/A 1 GaN 
®»W3BffiWi 5 OfcrisivciJ. l^cDSffiHSSMia* 

[0077] 313 CD I nGaN/A 1 G a Nflf&^XPfi 
<S«®5 0tC;t>V>T«i. 311 CD I nGaN/A 1 GaN 
XPfiffiM® 3 0 fc mm. W,3cn>T>Y-? 
GaN®5±CD«-I nGa.Nmza^XSSm.tfi^h 
tbi>lZ. £A 1 Ga.Nmz&^X5\m , 0W.tf4it&. 

[00 78] ^CDia^rff^MSr^rr-g. I nGaNit 
3\mm.ZH?&A 1 GaNitA«3ci{^ti§^T* 
&SS3CDI nGaN/A 1 G a Ntm=FXmmm 5 0 
(CfcOTti. SI2cDT>'K-rGaNS4*^feftL^ 



mmx.mrfm%ftizifrixmtfh. zom^ftizmi 

ft** o fcSil^PfiliS v tfsfffiS L S> d . i cd i a 3r£tt 
m^mt- J: 0 . 3S3CDI nGaN/AlGaNStgfX 

PiSffi^asotcfcv^Tti, «a^cDfiM* < 0^ix.&. 

[0 07 9] i^T, 353CDI nGaN/A 1 GaNjg 

teTxm&mmsoizis^xii. mscoryv-TGa. 

N«4±^^-TW>lC««iaJS8 0 0-CT'I nGaNS 
m^XmmiBJg. 8 0 CCTA l G a NR£ 
ffcft£-£TV>&. CICD^, 3I3CDI nGaN/A 1 G 

a Nitm=?xmmm 5 oiz&^ximtzB&ztitz 

-t^ib*) I n G a NJ&tefc^T , AlGa NJ&J: 0 
[0 080] ^<r)£ot,Z. 3S3CDI nGaN/A 1 Ga 

Nm^FX?mmm5 oiz&^xu, wxc&nttcDS 

#*I nG aNHSrJ&ft^-tf 6 IWInGaNi 
±<CgRfCjftJtS-&fcA 1 GaN§?fcJ:tf I nGaNS 
CD^Stt^i-r-i.. Ltltf^X. 352CDI nGaN/ 
A 1 GaNfitST^PlSffijS«4 0tCfcV^T(±, *&fln±CD 

[0081] ifc. *9mmtZt5\>->Xlt. SS3CDI nG 
a N/A 1 G a N«BI8?*RH&*Jf 5 0 ZffifSt? h A 1 
GaNJK#5JfT'£>&. ZCOtitb. 3S3CDI nGaN/ 
A 1 GaNjH|8^ttfl£«H5 0fc:*ilvaA, AlGa 

[0082] JjLhcDjc^lC. 3S3CDI nGaN/A 1G 

a Ns^^pgffiMJi 5 o tz&»x&mttM3M9&i 

ZtL&tztb. W.3<T) \ nGaN/A 1 G a N jgfg^XPg 
mm 5 0 ±(Cjfc£;& ttm4 CDT> K-rG a N» 6 
fcrfcWC, ^^PS2 0CD<SM* i; ll^tl4. .ICD*§£\ 
314 CDT >- h'-TG a N M 6 CD^Pfi^ffiJi 1 . 0X10 

[0083 ] ±fe<DidKLT#«2~6$rj£*£ii-*: 

f&, 0 1 izTfi-tm^mm. 100 zvxrn-nmiz x o«* 
[oo84] m^mm. 1 o o nmmwt. t-?m4 <n 

T>-F-rGaNil6±{C:#«7~l 5Sr«ft$-frS. 

#®7~i5 cDjfcR^m 2 tc^-ra o t-* s . 

[0085] 
[*2] 
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mm 


rest 

EI? 








n — G a N 


4. b//ff> 


1080 


I'll/I kill ■> * II 

IMG, NH 3 , 1>iH 4 


n-*5^K6 itJB8 


n-Al Q 0? Ga 0 ggN 
n — G a N 


#60A 
&G0A 


1080 


TMQ. TMA. NH 3 . 
SiH 4 


^57 KS9 


n ~ A, 0.07 Ga 0.93 N 


1.0/im 


1080 


I'MG.THA. NHg, 
SiH 4 




n-GaN 


0.1 j/n 


1080 


TMG.NH3.SiH4 


#pm 


n " ln 0.05 6a 0.95 N 
n - |n 0.13 Ga 0.87 N 


#50A 
420A 




TIW.THA.NH3, 
Siil 4 






200 A 


800 


TUG, TMA, NH 3 . 
Cp 2 Mg 


p-#-< KH13 


p — G a N 


0. 1/iRl 


1080 


THG.NH 3 .Cp 2 Mg 


p-^5-V KB14 


P- AI 0.07 G W 


0.45 Jim 


1080 


TMG, THA. 
Cp 2 Mg 




p — G a N 


0.05 jim 


1080 


TMfl, NHg, CpjMg 



^7M7^TO-Si«5:X7fy/LTiSL. n 
-ay?? hM7 m&Lfzn-a>?7 
h*7±fc:n«a5 1*J»j«-rs. 

t7r>(7l«li:fc{>f:#l2-l 5*#WU 

ii/?co^«cix— 500 t«tti. 
[0087] icoiatcL-c. Hit^-r^^u— r 
m?s 0 o##»!$ft&. ±fBo^ici ofm^^c 

WIFPSOOfctJVvctt, 3S1#^SI3<0I 
nGaN/A 1 G a Njgf&^KPSffiM/f 3 0 , 40, 5 

o^i ")ttwa«*«»c*6feft» &ifrt>m3<7)i 

nGaN/AlGaNj@^Pg««l3 0, 40, 5 
0±tC^$n^m2~m4<7)r>-F-rGaNil4~ 

[0 0 88] CO«^tCfc^T<i, InGaN/ 

A 1 G a NMt&?XfmMm±.<<ZT> K-7G aNl*« 

^tz^xs&2 0H2mmmxmi^ti. %hiz2mm 
mxmm^ti^-orzm=Fxm2 o&3 mmsx-mmz 

tl&. ZCOkolZ. InGaN/AlGaNg^i 

mma xx/r > k-t-g a wanmmmmzm&mwi 
xBfgL-t&ztizx'). mmLxtfrFxm2oz<&m-t 



aN/A 1 GaNj@^XRIfi6SS5 OiCJBtftSWt 
SS4<?57*^H-7-GaNJB6t:t>UT»±. tg^KP(S2 0 

[0089] ra?-?5 o oicisv^Tti, ±ie 

^»^4!5DryH-rGaNa6±iC*?-«jSl 0 0#® 
0. *mfoU- ir*?5 0 0tc*ivvtii, y-?m»Ktf> 

[0090] mzif. &?-xf&2 otffmztLt:*mi* 

[009 1 ] ±tz. f Sl^ 5 0 0 fciJWC 

^ 5 0 0{i^tcKJt*^Tfg-CJ> 0 . HT'^Mat 
[0092]lV^. InGaN/AlGaNitg^X 

m&mmtzmLx, mi-xm^m-thtztb^^m^ 

frfcovvcitttefrofc. ZZVti.. InGaN/Al 

G*mm?xfmmmfc}mz> i nGaNM*jj:tfA 

lGaNI(^)f§, I nGaN/A 1 G a N jgt&^PS 
(S«®lC:fc(tS I nGaN£|:fcJ:l/A 1 G a NBgCDgSL 



(a0))01-274096 (P2001-274096A) 



frfctffcl nGaN/A 1 GaNjHIWtffifflaSJIfeJ: 

[0093] ft. InGaN/AlGaNfilgf^fi 
faffltlzHVZ, I nGaNKfcit/A 1 GaNffitcoiS;* 

[00 94] £c0i§-£\ H2 (a) iZ^-tXo^Z. +ty 

r ^ r mm i _t(c/< v y r m 2 a x txm 1 <or v y -t 

G a N«3 £co<k o \,zLXMtfLLic$& 1 

COT V H-7G aN!3 fcti 1 x 1 0 1 1 c nr 2 cr>&?X 
&g2 0**#£LTV^. 

[00 9 5] 02 (b) izifttXotz. s&icor 

>Y— 7*GaNS3±tcH3 0I nGaN/A 1 GaN 

@t&^M(gffi«iiS 3 o £j£il;*-ti\ § £>(;:*co±£!& 

2 COT V Y -7G a NJf 4 £ J&R $ -frfc . 
[00 9 6] ££T\ ZCDtgiSlZte^Xii. InGaN 

/a i g a Nmfe^xfmmmm3 oco&gmz i n 

0JS Ga 0 , s5 Ni>WJ I nGaNK 0 aCOffiJf , « 
J:tXA 1 0 . 25 Ga 0 . 75 NA>£>3r£A 1 GaN130bC0 
JBOT£^ft:$ii\ InGaNl30at>J:l/AIGaN 
Jl 3 0 b C0M)S^-?-^-f iX^^^ffiiiCCO I n G a N/A 
1 Ga.Ntm=FX?mfflM3 OZ&f&Ltz. 3nJ3, £co 
it^-CfcWCti, I nGaN^30 aCOBgiSt A 1 Ga 

Nm3 0bv>mmb*mL< lt^&. 

[0097] I n GaN)|3 0 aiSit/A 1 GaNflg3 
0 b^mm^il^'tim^h^CO I n G a N/A 1 G 
a^mWFXm&mm3 0±.lzBf8.Ltz&«cr>m2cr>T 
VK-7GaNl4 KOV >T . t&^RS 2 0 <7)Xtmm 

zm^tz. znmmmnzTn-t. 

[0 0 98] 07 {±, InGaN/AlGaNSflfJ; 
?mmm3 0t,Z)HtZ> I nGaNJBI3 0a;fcJ:l/A 1 G 
aN&30bCO/¥3fc, I nGaN/A 1 GaNIlS 

xvmmm 3 o±t l zBf&zixtzt&2 cor > y-tg a n 
ma coxmmmt <r>m^^-rmx'$>h . 

[0099] i7C^tJ:9(:. I nGaN/A IGa 
Nj@t§^;PaiR*£* 3 0 tCfctt-S. I n G a NJBI3 0 a*5 
it/A 1 GaNJg|3 0bc75lU¥cO#*rt*5~7 0A<75i§ 
^Ks m2tf0T>-K-rGaN«4c73^:PiS&Jg*U X 1 
0i°cm-2JJlTfc&S„ 4fc. InGaNi30afci 
IXA1 GaN)K3 0bcOlKffcO#^* { 5— 4 0ACOH 
rtfcfcWC. m2c7)Tyh'-rGaN4C0MS?&Jg*^ : 

[0 1 00] £lk<7)Zbfr$>. I nGaN/A 1 GaN 
MfcFXVmmmiZti^Xte. I nGaNlfcm 1 

g a Nmn&xcommz 5~ 7 0 a t-t h £ t ##4 l 

<. mz5^40At-r&Zttfiif£HK <WUCk 

0 . I n G a N/A 1 G a Njtffl&i^flSMLbtCdU* 
SiirfcG a NJItcfewc. fg^PB2 0 £$&J&Wlc«« 

[ 0 1 0 1 ] <MZ^ I n G a N/A 1 G a Njgt&^XRS 



mmZmfc-t h I n G a NHfc A 1 G a NffitcoS 
cofcrteOTco^KJ: Offofc. 
[0102] £cOi§£-» 02(a) fc^-TJ: olC. ?y 

r 4 rmm 1 ±j&<v y rm 2 a zvm 1 cor > Y-y 

G a NJf 3 ClcOidtcLT^L^T^ 
K-7^1c7)GaN)13Wil x 1 0 l 1 c m-^a)Wf-X 
fi&2 0**£:£l/O^. 

[0 10 3] mz. 02 (b) t~^-TJ:otc:, Slicor 
yh*-TGaNJl3±fc, I n 0 . 05 Ga M6 NHiS 
Kff 2 0 A CO I nGaN|kAl 0 .HGa,. 7 ,NH4 
&IKW2 0 AcOA 1 G a NJKt £ £ COHH-C^SKWJI L 
T=5r£ I n G a N/A 1 G a N *g«7£HH&UI 3 0 * 
J&K$-£*:„ £C0 1 n GaN/A 1 G a Ntefg 

0±lcm 1 COT V H-7G a N«4 £j£ 

[0 1 04 ] =5rfc. ££T»i. I nGaNUtA 1 Ga 
Nffiti: £ 1 *tfc U £co«co&#*ix^:hJi&.l>«&co 
I n G a N/A 1 G a NMt&TXPmWW 3 0 *mWLL 

[0 10 5] I nGaNifcil/A I GaNJKcOttcOiS: 
tf*tl?tiM&h I n G a N/A 1 G a N@fi&^RHR 
Mil 3 0±{C^LJt#^cO^2CT)r>'K-7*GaNJi 

m$:08(z:^-r. 

[0 1061I8I1 InGaN/AlGaNSjgfX 
Pfiffi«S3 0(Cfcttl. I nGaN^JSitXA 1 GaNJH 
COttnfUt . I n G a N/A 1 G a Njgtfrf XRBffiSii 
3 0 ±.IZ&& ? tLJtm 2 cor yK-7GaN!4 £0^R5 
S^JKi: cora«Sr^-t0-C'fe«. . 

[0107] 08(C^-r X 0 IZ, 2*tfeLh9MOTcO I 
n G a NmaXX/A 1 G a NHSr^tf I n G a N/A 1 
GaNMt&?X?mmm3 0Z&foL*zi§ilr, IIS2C0T 
y K— 7°G a NJI4 cOXPfi^S*^' 1 X 1 0 1 0 c m" 2 OT 
t^r-l), 3~6*tC0I nGaNl^fcilXA 1 Ga 

NJKSr^-t? I nGaN/A 1 Ga Ni@^XRIffi«J13 

o»tL^tii, m2<oryh*-rGaNii4co 

XRS^**^L<«J«$^„ -U. I nGaNIfci 
l^A 1 GaNM 1 OttlAtStS I nGaN/A 1 Ga 

NmwFxmmmiz&^xu. xm®mommmtf 

[0 1 08] ClcOCli:*^. InGaN/AlGaNg 
l£^:XPlSffia£/f 3 0£fcvvcy:. I nGaNlfcil^A 

1 G a NKfrfc***** 2^tUJLh 9^OTISftl» £ ttf 

Vf£L<. mz3~-6ttmf&z ttmtL^. ztxiz 

m2cor^h'-7-GaN^4(Ct>UT, WFXV& 

2 0 €r Wtcfflc»T h £ t t & S . 

[0 10 9]^V^T. InGaN/AlGaNSJgf^ 

mmm&&xfG*Kmfrh%hnmmik*wm-hi& 

[0110] £C0i§£-. 02(a) (C^-T J: d ^7 



(&l))01-274096 (P2001-274096A) 



7-fTSt 1 ±KAy y rl 2t> .ktfSS 1 OTy K-7* 
G a Nil 3 i<0J:dfc:L-CJB*tJtSfi51 
cory H-7°GaNS3lc:(il x 1 0"cm-2<*B: 
RS20A*#£LTVtf:. 

[oiiuacic. B2 (b) tc^-r i a tc. si i or 

yH-7GaNl3iC, H3^-r«itSr*^-i.ftl 
CO I nGaN/A 1 G a NJlffl&?£flBffi)£JI 3 OSrJfcK 

CO 1 12] 3ri>. dCO^-COftlOI nGaN/A 1 
GaNjgt&^;Pl8ffi}l£JI3 0ti, I n 0 . 05 G a 0 . 96 N*> 
^>^T-&J^J1C2 OAcOI nGaN!30atA l 0 . i6 Ga 
o.75N*>^>^^M«2 0A^A 1 GaNI30bt^ 

[0 1 1 3] §£>fc, SSI CO I nGaN/A IGaNg 
m-Xm&W§30±lZ^ »2»7yK-7GaNf4 
;coft2cor>'H-rGaN«4cOXf«?P 
>lcoi:3l~LT. I nGaN/A IGaN 
^I^^Pf&fiMefcilXG a N|i>^««|ffit» 1 
J3HH»)£ L3t%&co^P(Sco®^mSriffl^ . 
[0 114] «wc. 04 (c) C^tioC. S&2CO 
rvh'— 7"GaNS4±lcSI2c7)I nGaN/A 1 Ga 

n G a N/A 1 G a N)Btt?XK{|£SI| 4 0 CDftjtfi , 
ftlcOI nGaN/A 1 G a N)ffli?£RMgJ£IR 3 OcO 

CO 1 15] Sf2c0 I nGaN/A IGaNS 

tt?KIIH&M4 0±fC. SS3COT>-K-:rGaNJf 5 
dcOft3cory K-rGaNa5c0XF(SS& 
ZcDXolZtX, I nGaN/A IGaN 
jSf&^RSffiMBfc <fctf G a NJia^Sr&fcjf flSjIS: 2 

[0 116] Zt>lz^ H4 ( d) tc^-ri:3{c;. 3S3cO 
T> F-7°GaNiI5±(cSI3cO I nGaN/A 1 Ga 
N^3tS^PiS«M«5 0 5r^$-fr^. 3r*K JfS3cOI 
n G a N/A 1 G a NMte=FXm&WW 5 0 coxitis. 
ftlcOI nGaN/A 1 G a NjBf&TXMiEHiJI 3 OcO 
«Bti:|5|a-Cft5. 

[0 1 17] SI3C0I nGaN/A 1 GaNjSg 

m^x?mmm 5 o±cm4 nry f-tg a n« 6 £ 

J*ft3-£. ClcOft4corvK-rGaNJi6cOXPgS« 
^r**^. dcOia^LT. InGaN/AlGaNig 
tt?*HHKWi*i J:U r GaNJl*>£> : 5r§««1»i& 3JU 

[0 118]WT, mmizLX. I nGaN/A 1 Ga 
Ni8tS^IBfflj«Ji*J it^G a N«*>t,^S»e^jt^ 

[O119]09l±. InGaN/AlGaNi@tSfX 
P(5ffi^«fe<J:t/G a Nli'iiiSaHSlJMt 

mt. &GaNm<Dxm®mb<7)ffl{&zm-?mx'h2>. 



[0 120] ®9fc:^fJ:3fc, I nGaN/A IGa 
Njg^XPfiffiSUlfcitfG a NJ|*>6&*flMm&£ 
2jSWliLh^L3t^^tiV^-r(i, 

^fl^o littt. I nGaN/A 1 GaNm^FX^ 

j£Lfci§3"t;:. GaNJ|co4:Kfett#5. 0 X 1 0 9 c 

tn-^mmix-m^-Ltz. 

[0 1 2 1 ] Z(7)Zbfrt>^ InGaN/AlGaNi 

fcFXvmmma ±VGaNmfrt>%& nmmmt 2 m 

Ma±Mf8.^Z>Zb1>W£L\^. *tUz£*). GaNl 

iz&^x. tefFXV&zM&mztem-z z b t^imb % 

[ 0 1 2 2 ] 3tfs. ±!£cO^Sfe^J<0¥^*^— 5 
S i C»8?cd-9-7 r 4 TfcWco»££fflVvC 

its. 

[0123] ^mftiU— fm?5 0 0c0#Sc0*fi 
m*±.mzmfeZ1X&i>cr>Z'te%:<. Ga. Al. I 

n , Btsxx/T i co^&< t fe i ^isttmim^m 
mi^m^tix^tmx\i\ 
[oi24]^, mwrxtmwsizjgm-r&mii. 
'j?%<bi>Ga.z-kts. im^xfmmmiz 

m&i-&MUA 1 „ B y In, Tl. Ga 

i- M - y - x -. (0Sx<l, 0Sy<l, 0=Sz<l, 0 

Sw<l, x + y + z+w<l ) frt>ffim.Ztlh. % 

[oi25]^. mftrrxvmmmu. bi>A 

3rL*^-$r<fci> I nfeit^GaSr-ftfllhtciOffi 

im~$ct&Zbtf#f& tv^ $^>tc«. 
[0126] ±IE^SWt«fc*JV^TIi. ^BJSr^* 

m^izmm Ltzuksiz^xmwLtztK *%.w 
li^ftu-v'mwmntmfrm^iz^mm^mxb 

6. 

[0 127] 

[JlSfcffl] XttH(=«V)'CU. I nGaN/A IGaN 

Mtfrrxmmmn <t t/r>- h-7g a ns*^*.?.?* 

3 ixfzm 1 co^^U— 5 0 

0£f£SIU CcO*#f*U— ^m^5 0 0cOfg^»^5: 

[0 128]*Jt. InGaN/AlGaNitgf^Pfi 

i&mmH &TST > F-7G a N®*^^§«a<tit*>- 1 
S88^$<x^.^5:^v^T¥«*^— 5 0 0 b m 



(*1 2) )0 1-274096 (P200 1-274096A) 



0 0 1 mmcDffimtt-t &*mfou-~ rm? *im u 

aikHz, xi-f-^-itio %<r>mvxwmxh 
h. 

[0 1 3 0] 3ri5, $mM<?>l nGaN/A IGaNS 
^WmWMlZti^XlZ.. JUf 5 0Ac/)I n 1JS Ga 
0 . 95 N7&^=5rl, I nGa.n^HXX/mm5 0kcr>A 1 
0.3 Ga,., NfrhKhA 1 GaNja#-£ff8*t«*j£§ 

[0131] JtS£«fc£>, 01<7)7*>'K — 7GaNf3 

ml. zco^mi^u—^m^m^m^ifZ^xm^ 

tz. 

[0132] vxt^mzm i o tzta-t . 0 1 0 t^-r 

iatC I nGaN/A 1 GaNjet&^^FgffiMSSriS 
tt£ -I t lz£ 0 , *N**l^-lf*^«^<0rtLb&«EIS> 
iti,. mz^ I nGaN/A 1 G a NjB&7£MHKttJf 
*5J:lXGaNe*^^5«afiKSS'2^»JtLJh0figLfc 

[Hi ] *^<o-njfiCTictJtts^«cu— rm?v> 
^t^mmmx'h?>. 

[02] 0 i ^mfris-^m^m&xnz^-fma; 

[03 ] a i tzm- i mt*u-'rmtt*BajM*'j*t 
®3zm%®ft&ckmwmx'h h . 

[04] 01<O^^W-if3g^SBt*^$-SH-«^ 

«xei)T®0T'S)?.. 

[05] I nGaN/A 1 G aNIffl&TXm&Mmtzn 
I nGaNifcA 1 G a Nf&t<Dte?im<7>mi%£ 
fr??mX'fc&. 



[06] I nGaN/A 1 GaNfilfrFKRWKWKVP 
%*S^^*<GaNc7)|S^^i:*|L<=5r-l)^-cOA 1 
G a NJgCiSftS A 1 Hj£fc I n G a NJlfcrfctf-g, I n 
m!&<r>ffli% £jjk-tmX'$> & . 

[07] I nGaN/A 1 GaNj@^MfSffi«*£*J 
tt£ I nGaNlfcit^A 1 GaNlt <D%&i$-b 
J&b<?>mi&$:5rdrmX'bh . 

[08 ] I n G a N/A 1 G a NjB^£Kfl@£Bfc:£ 
I nGaNBIiUtfA 1 G a NKttttOTftfc^tffiW 

sfc<?)ra«^^-r0T'$>i.. 

[09] I nGaN/A 1 GaNSf&^XfiBffiJSSfcJ: 
$r^-T0Ti5&. 

[01 o] 9asfl*^e**srrHT*4. 
[0ii] m-xmzm^hfzfrnm&coiimzTn-t 
mx°h&« 

1 t7r-fTl« 

2 ^N*-/7rJl 

3. 4, 5, 6 TVK-TGaN/l 

7 n-rJ^^^hJi 

8 n-9=>v7mkM 

9 n-fyyVm 

10 n-^HJf 

1 1 mm 

12 p-^'J7/n.y?S 

13 p-#>fFJi 

14 P - 9 5> y KJI 

15 p-ay?7hM 

30, 40, 5 0 InGaN/AlGaNgfgfXi 

30a InGaNl 
30b AlGaNI 

ioo ^mfais-^m^mm 

500 iNWItU— 



[03] 



[05] 




InOaN© 
QaNd) 



AIGaH© 



30a 30a 30a 30a 30a 

X X X X x.. 



r 

3 



IT" 

4 



T T T T 

30b 30b 30b 30b 30b 



